Climate change is projected to have effects on public health because citizens will be exposure to 
Introduction
Both air pollution and heat have adverse effects on the health of citizens, as demonstrated by episodes of high concentrations and/or high temperatures in which there is a dramatic increase in mortality and morbidity. At present, so that the majority of society is in agreement that climate change will have consequences on people's health, since some climate scenarios forecast an increase in the intensity and frequency of heat waves, as well as the number of pollution episodes in the atmosphere (Medina-Ramón and Schwartz 2007) . Heat-/air pollution-related human mortality and morbidity is one of the important effects of climate change over people health (Confalonieri et al., 2007) . Urban areas are particularly susceptible of these effects (Kinney et al., 2008) . Urban areas of cities are the areas where climate effects are most important, cities are areas where the effects of the global climate change are important and very concentrated and therefore need to be analysed in detail. (Oleson et al. 2013) , last researchers have found that climate change could have important effects on urban climate and urban air pollution concentrations (Mickley et al., 2004) . Several epidemiological studies have
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demonstrated different effects of tropospheric ozone and particulate matter on human health, leading to an increase in mortality and daily morbidity. Negative health effects can be varied, but most studies focus on demonstrating health problems from cardiac and respiratory diseases as a result of exposure to high levels of air pollution (Burnett et al., 1997) . Climate change is not only an environmental problem, it is a health and social large problem and researchers have to focus on to understand the climate impacts from different points of view to enhance mitigation and adaptation measures (Vesteri and Nontasak, 2018) . It is necessary to research to better predict future impacts of climate change on health (Ostry en al., 2010) . The majority of epidemiological studies concentrated on acute health consequences (due to short-term exposure).
Also there are several large multi-city studies relating the numbers of hospital admissions with meteorological and air pollution exposure variables (Anderson et al., 2004) .We focus on the direct impacts on the health of the citizens in the coming century with the effects of heat and air pollution concentrations. Climate change will affect the concentrations of air pollutants and their spatial distribution through various direct and indirect processes, such as changes in biogenic emissions, changes in the rates of chemical reactions between species, the heights of the mixing layer where the vertical movement of pollutants takes place, and changes in the patterns of atmospheric flow that drive pollutant transport in the atmosphere.
Climate-change projection from Global Circulation Models (GCMs) are increasing in resolution, but are still not appropriate from analysis health problems at urban scales. Global climate models generate information with a horizontal resolution of between 100 and 150 kilometers, this data is too coarse for city-level climate information. Local patterns of climate and air pollution are strongly influenced by the topography, land uses, buildings, etc. Therefore, in order to study the impact of climate on cities, very high spatial resolution data are needed to capture the high spatial and temporal variability of atmospheric variables in the city (Valari and Menut, 2008) . Moving from large-scale climate projections to smaller spatial and temporal scales requires the application of downscaling techniques that bring additional information to bear on the area in question. Last advances in computer science and physics, especially in the downscaling techniques, have provided to the scientific community new approaches for investigating the effects of climate and air quality on the health of people living in cities. The key issue for health impacts related with the global climate is the use of high-resolution simulation models of future climate conditions over the cities and how the global climate boundary conditions may alter the local climate and air pollution conditions. During last years, only low-resolution data from global models existed. Therefore, high resolution climate models are needed. The resolution of global models has increased significantly. However, even the latest high-resolution simulations, at 25-50 km per gridbox, are unable to simulate all of the important fine-scale processes occurring at urban scales In this work is the first time that a regional/urban climate model is coupled with a computational fluid dynamic tool. Downscaling process can offer data about climate or air pollution at an optimal spatial and temporal resolution (Rosenzweig et al., 2010) . The spatial resolution of the data produced by GCMs prevents them from being used directly as inputs to impact tools that aim to analyze how global climate changes can affect urban pollution in a city as well as its consequences on the health of citizens. At the technical level, there are two different approaches to obtaining finer resolution data from global climate data for the future: dynamic downscaling and statistical downscaling. Regional/urban numerical models (RCMs) on the specific area of interest are used in dynamic scale reduction and the boundary and initial data from the global climate mode are used as inputs for the RCM.
RCM generates more detailed information at the regional level from GCM data, data is generated in response to a forcing of global data to finer inputs (topography, land use,...), in general RCM information is not fed back to the GCM. The statistical downscaling method derives relationships between variables based on observations from the past and then applies them to know the future climate situation. Its main additional value is that it is not require high performance computing as opposed to dynamic downscaling but its results are limited because relations established in the past do not have to be in the future. Moreover, it does not allow the generation of new variables as numerical models does.
In this case, we have developed a dynamical downscaling, using high-resolution, regional and urban climate and air quality state-of-the-art models. To take into account the effects of the buildings in the ventilation and shadow effects which are very important in the city simulation a Computational Fluid Dynamic (CFD) model is included in the in the simulation tool. Atmospheric circulation and therefore the climate of cities is influenced by urban structures such as buildings that increase atmospheric turbulence and so the transport of the pollutants is different by the presence of buildings (Piringer et al. 2007 ). CFDs are very demanding tools from a computational point of view, but they are developed following atmospheric physical laws and allow obtaining a full set of output variables that perfectly describe the situation of atmospheric pollution and climate in urban environments. This research was developed during DECUMANUS project (European FP7 program) . DECUMANUS has provided a range of services aimed at urban managers that provide them with intelligent urban information to help them meet the challenges facing cities, including of course climate change. The main idea is that it is possible to adapt and mitigate the problems if they can be measured and understood and here it is where DECUMANUs services play an important function.
Material and methods
A health impact assessment with coarse resolution tend to substantially underestimate mortality/morbidity in large cities, so there is a gap between global climate data (coarse resolution) and local climate/air pollution data (fine resolution). In this study we propose a methodology to go from coarse resolution to urban resolution and how the high spatial resolution can be applied to know the possible health effects of the climate change on the citizens.This study produced quantitative and qualitative information about short term potential health effects of global climate on people over two European cities under two future climate scenarios. It comprises two elements. The first element, climate and air quality modelling, presents highresolution (50 meters) simulations of present (2011) and future climate (2030, 2050 and 2100) over Milan and London (Kensington and Chelsea area) by dynamically downscaling global climate data using a regional and urban modelling system to generate locally meteorological and air pollution information. The second one, health impact assessment, quantifies the potential short term effects of the climate on human health. We have studied the impacts of two possible global climate scenarios on mortality and hospital admissions related with variations in the high temperatures and air quality. Health outcomes are based on dynamical downscaled information with very high horizontal resolution (50 meters) and one hour of temporal resolution. Short term health impacts were assessed for ozone (O3), particles with a diameter on the order of ~10 micrometers or less (PM10), apparent temperature (AT) and heat waves (HW). Future changes in these environmental exposure variables as simulated by the model system for future years and compared relative to conditions in the 2011. Concentration-response coefficients were taken from the recent environmental epidemiological literature.
Methodology
In this section we details the approach followed, including the description of the climate scenarios, the tool to make the dynamical downscaling tool and the health impact assessment module. The simulated periods correspond to non-continuous whole years, with the objective of capturing punctual events that, in case of simulating several consecutive yearly periods, the events could be smoothed or even cleared when performing the statistical average of several successive years. In our case we have selected three years of the future, 2030, 2050 and 2100 versus to the reference or present year that has been chosen, 2011.
Global climate scenarios
We have considered two Representative Concentration Pathways (RCPs), RCP 4.5 and (IPCC, 2013) are currently in use. These scenarios take into account different levels of pollutant emissions for the next years. These scenarios range from very strong (non-realistic) greenhouse gas emission mitigation scenarios (RCP2.6) to a "business as usual" emissions scenario (RCP 8.5) where emissions growth in the world. The two selected global climate scenarios are the most popular in the scientific community because these two scenarios represent low and high greenhouse gas emissions or radiative forcing projections respectively. Of four possible climate scenarios, two have been selected for reasons of computational demand. The choice is based on trying to show extreme changes between two possible future climatic scenarios, then we have chosen the worst-case scenario (RCP 8.5) and the most favorable (among the realistic ones) RCP 4.5, this choice will help us to know the possible impacts and be prepared for the application of mitigation and adaptation strategies. The scenario RCP 4.5 is characterized by radiative forcing stabilizing at 4.5 W/m2 by 2100 , this scenario would be equivalent to an average global temperature increase of about three degrees Celsius. However, in the climate scenario RCP 8.5, no actions are taken to mitigate climate change and therefore it is considered the worst-case scenario, with the highest greenhouse gas emissions, which can cause an increase in global average temperature of up to six degrees ).
Dynamical downscaling tool
The spatial and temporal downscaling process, from 1º degree to 50 meters and from six hours to one hour, begins with the global climate projections produced from the global scale general circulation model CESM. We have utilized the Weather Research and Forecasting Chemical model (WRF/Chem) simulations driven by the outputs from the global climate models CESM through boundary and initial conditions. WRF/Chem (Grell et al., 2005) was applied in a one way nested approach, with an inner grid having a horizontal resolution of 1 km over the two cities and two outer grids having a horizontal resolution of 5 km and 25 km, this grid cover all 
Health impact assessment
The health impact study calculates the percentages of mortality or hospital admissions 
where y 0 is the baseline incidence rate of the studied health effect, β define the mortality effect estimation which is published in the epidemiological studies, ΔC is the variation of the exposure variable (future -present). The results are expressed as a percentage change (%) in the health effect studied to make it independent of the exposed population and the incidence rate y 0 . β parameter of the exposure-response function is defined by the Equation 2 (BenMap, 2010), it is calculated based on the relative risk (RR) associated with a given change in the exposure variable.
In order to describe the health effect of exposure variables on mortality and morbidity, the following tables give the relative risk used in the health impact assessment and the reference where the values have been published. Table 1 for Milan and Table 2 for London. 
Evaluation and results
To test the functioning and performance of the modelling system, one-year simulation for the present (2011) Table 3 for   Milan and Table 4 for London. It is greater in the RCP 8.5 than in the RCP 4.5. We can observe a substantially lower mortality risk over the water bodies (purple areas). The average heat-related mortality percentage (around 7%) under the influence of a climate scenario such as RCP 8.5 is almost ten times higher than the expected rate for the climate scenario RCP4.5. These maps illustrate how health impacts associated with changes in global climate can increase further in the future if concentrations of greenhouse gases continue to increase as set out in the RCP 8.5 scenario or these effects can be stabilized if we manage to bring the future into a climate scenario defined as RCP 4.5. 
Conclusions
In this work, an integrated modeling framework has been presented to quantitatively analyze the possible impacts of climate scenarios on citizens' health, using a high special and The evaluation results have indicated that the air pollution simulation performed very well in reproducing historical hourly air pollution concentrations using downscaled global climate model outputs. Milan experienced a higher heat effect at very high temperatures compared to London. The highest increase of mortality was found in the worst scenario (RCP8.5), these increments will be more obvious from the 2050s to 2100s. The selection of the RCP climate scenarios is very important in projecting future heat-related mortality, particularly in the second half of the century. The results indicate the potential large effect climate change could have on future heat/air quality-related mortality and morbidity over urban areas. The health effects are based on meteorological data and the air pollution concentrations produce by the dynamical downscaling models. These datasets have a uncertainty related to the uncertainty of the numerical models and input data which has been estimated in the evaluation process.
This uncertainty can be reduced running different models and build an ensemble mean which will perform better than individual members. There is also uncertainty on the expose-response relationships (Benmarhina en atl., 2014). Future studies may consider applying different concentration-response coefficients. The results of our study can help to stakeholders interested in developing strategies to mitigate the effects of the global climate on the citizens and building resilience urban areas.
